Preregistration, standardized procedure, analysis scripts and directed forgetting and Stroop result datasets can be retrieved from <https://osf.io/esh69/>.

Introduction {#sec001}
============

In general, forgetting is mostly seen as a passive process. Nevertheless, people are also able to specifically forget outdated or unwanted information---a phenomenon known as directed forgetting \[[@pone.0236287.ref001]\].

Robert Bjork defined directed forgetting as "situations in which (a) there has been a prior attempt, however brief or extended, to learn the material that is now to be forgotten and (b) there is an explicit (or totally unambiguous implicit) cue to forget that material." \[[@pone.0236287.ref002], p. 462\]. Directed forgetting effects have been shown in a wide variety of tasks using diverse stimuli, such as words, images, and autobiographic memories \[[@pone.0236287.ref003]\]. In nearly all directed forgetting paradigms, participants are informed that their task is to remember some information presented to them (usually words) for a later memory test. They are then presented with this information. Immediately following either each item (item-method directed forgetting, IDF) or a list of items (list-method directed forgetting, LDF), participants are instructed to either remember or forget the information they were just shown. Contrary to instructions, both to-be-remembered (TBR) and to-be-forgotten (TBF) items are tested at a later time. Usually, two effects of instructions to forget emerge: Firstly, to-be-forgotten items are remembered less than to-be-remembered ones (the forgetting effect). Secondly, to-be-remembered items are remembered better when being presented with or after to-be-forgotten items compared to additional to-be-remembered ones (enhancement effect). For an overview of a list-method directed forgetting paradigm as used in this study, see [Fig 1A and 1B](#pone.0236287.g001){ref-type="fig"}.

![Experiment design.\
A: A list-method directed forgetting paradigm followed by a free recall test, as used in this study. B: An example of one stimulation condition block, consisting of six list-method directed forgetting tasks in pseudorandom order. Participants were instructed to recall all words (both to-be-remembered and to-be-forgotten) only after the last forget-cued task per block. TBR = to-be-remembered. Diagrams adapted from Hanslmayr et al. (2012). C: Approximate stimulation locations, displayed on an example brain surface. D: A computerized serial Stroop task, as used in this study. Congruent, neutral, incongruent, and negative priming trials were shown.](pone.0236287.g001){#pone.0236287.g001}

In both item-method and list-method directed forgetting tasks, participants consistently show worse memory performance for to-be-forgotten items in free recall tests \[[@pone.0236287.ref004]--[@pone.0236287.ref006]\]. Both attempting to forget as well as successfully forgetting previously learned information has been repeatedly linked to increased activity in the dorsolateral prefrontal cortex (dlPFC) using both fMRI \[[@pone.0236287.ref007], [@pone.0236287.ref008], [@pone.0236287.ref009]\] and EEG \[[@pone.0236287.ref010]\]. This increased dlPFC activity has been connected to decreased long-range synchrony in the alpha band \[[@pone.0236287.ref007]\] and decreased hippocampal activity \[[@pone.0236287.ref009], [@pone.0236287.ref011]\]. As the dlPFC has been understood to play a crucial role in intrinsic inhibitory control \[[@pone.0236287.ref012]\] and neuronal synchrony in the alpha-beta band has been mapped to top-down processing \[[@pone.0236287.ref013]\] and successful item retention in working memory tasks \[[@pone.0236287.ref014]\], it has been postulated that directed forgetting can be explained by a prefrontal control system that "can be targeted flexibly at different stages of mnemonic processing and at different types of representation to modulate the state of traces in memory" \[[@pone.0236287.ref003]\].

The lateralization of frontal brain activation in directed forgetting tasks is still an active matter of research. In item-method directed forgetting paradigms, both right-lateralized \[[@pone.0236287.ref009]\] and bilateral \[[@pone.0236287.ref008]\] activation of frontal areas has been found. In list-method directed forgetting paradigms, left-lateralized frontal activation was found \[[@pone.0236287.ref007]\]. To ensure that we stimulated an area directly implicated in a task highly similar to ours, we chose to stimulate at the location of strongest activation found in the study we were attempting to replicate \[[@pone.0236287.ref007]\].

In order to test the causal role of dlPFC in directed forgetting, a series of lesion and brain stimulation studies have been conducted. Subjects with frontal brain lesions showed impaired directed forgetting, meaning full memory performance for to-be-forgotten items, in both item-method and list-method directed forgetting tasks compared to subjects with parietal lesions and healthy controls \[[@pone.0236287.ref015]\]. In a tDCS study, inhibitory stimulation of the dlPFC (anodal stimulation over left dlPFC, cathodal over right dlPFC) prevented directed forgetting \[[@pone.0236287.ref016]\]. The rTMS study we are attempting to replicate stimulated left dlPFC (specifically BA9) after the forget or remember instruction using 45 seconds of 1Hz rTMS. Stimulating the dlPFC caused participants to forget even more to-be-forgotten items than stimulation at a control site (vertex) \[[@pone.0236287.ref007]\].

As can be seen, activity in prefrontal cortex, especially dlPFC, has been shown to be both brought about by and necessary for forgetting in directed forgetting tasks. It should be noted, however, that all lesion or stimulation studies conducted so far used between-subject designs: Participants with frontal lesions or under stimulation were compared to healthy participants or participants undergoing some kind of sham stimulation. This hinders the interpretability of the results, as the lesion or stimulation might induce side effects unrelated to dlPFC functioning. For example, stimulation might (compared to sham stimulation) influence cortical processing in a general way, such as by increasing tiredness or distractibility. In order to control for such between-group confounding effects, we decided to replicate the 1Hz rTMS list-method directed forgetting paradigm used in this previous study \[[@pone.0236287.ref007]\] in a within-subject rTMS design.

Hanslmayr et al. used rTMS parameters not directly comparable to other studies applying dlPFC stimulation (short-term, online rTMS instead of several minutes of stimulation before the task \[[@pone.0236287.ref007]\]). It is unclear if these pulses had an effect directly at their time of delivery (i.e. during the remember/forget cue) or if their effect was more cumulative and long-term. To test if the applied rTMS parameters influenced inhibitory processing not only during, but also after their application, we ran a computerized Stroop task with incongruent and negative priming trials after every stimulation condition block. If the dlPFC stimulation had an accumulating and persisting effect on inhibitory processing, reaction times in incongruent and negative priming trials should be affected by the stimulation site during the preceding task block.

To our knowledge, this study is the first to run two list-wise directed forgetting paradigms in succession with the same subjects. As the test instruction after each directed forgetting task asks participants to produce the words they were instructed to forget, one might expect them to not follow the forget instruction in their second task. We developed a simple cover story to minimize this possibility. In order to check whether participants followed the forget instruction in the second task or whether running the list-method directed forgetting task twice diminished effects of instructions to forget, we checked for decreased forgetting effects in the second task.

Materials and methods {#sec002}
=====================

Preregistration and data availability {#sec003}
-------------------------------------

Experiment design, target sample size, exclusion criteria as well as the statistical tests presented under Preregistered analyses were preregistered before data collection. Preregistration, standardized procedure, analysis scripts and directed forgetting and Stroop result datasets can be retrieved from <https://osf.io/esh69/>.

Participants {#sec004}
------------

We analyzed 24 right-handed participants (mean age = 19.2, range 18-28; 4 males) from the Birmingham University Psychology student sample pool, which gave us 95% power to detect an effect of the same size as found in \[[@pone.0236287.ref007]\]. Six further participants were tested but excluded due to our preregistered exclusion criteria. Participants were native English speakers, had never been diagnosed with any neurological or psychiatric disorders and did not present any contraindications against TMS and MRI application. All participants gave written informed consent. The protocol was approved by the ethics committee of the University of Birmingham.

Preregistered exclusion criteria {#sec005}
--------------------------------

We excluded any participant showing forgetting effects more than 2.5 median absolute deviations (MADs) from the sample median \[[@pone.0236287.ref017]\] in at least one condition (n = 4). MAD is a robust measure of dispersion and is calculated as *MAD* = *bM*(*x*~*i*~ − *M*~*j*~(*x*~*j*~)), meaning *b* times the median of the deviations of all observations from the sample median, where *b* = 1.4826 when a normal distribution is assumed in the sampling population \[[@pone.0236287.ref017]\]. We also excluded any participant who answered yes to the question "During the experiment, did you actively rehearse the words you were instructed to forget?" in our post-experiment questionnaire (n = 2). Exclusions were done when 24 participants were collected, after which we re-recruited up to the target sample size.

Directed forgetting paradigm {#sec006}
----------------------------

As study material, 240 words were drawn from the MRC Psycholinguistic Database \[[@pone.0236287.ref018]\] and split into 24 ten-word lists. The lists were matched for number of letters (*M* = 5.32, *SD* = 1.45), number of syllables (*M* = 1.51, *SD* = 0.66), concreteness (*M* = 543.08, *SD* = 45.07), imaginability (*M* = 561.47, *SD* = 38.19) and word frequency (*M* = 58.96, *SD* = 82.67). The lists used in our study and the lists used in \[[@pone.0236287.ref007]\] did not differ in any of these characteristics (all *p* \> 0.5). Between participants, each of the 24 lists was used equally often in each condition---list 1 before a remember cue (R1), list 1 before a forget cue (F1), list 2 after a remember cue (R2), and list 2 after a forget cue (F2).

For each task, two ten-word lists were shown ([Fig 1A](#pone.0236287.g001){ref-type="fig"}). The words of each list were presented sequentially. Before each word, a central fixation cross was shown for a random duration between 1.5s and 2.5s. Each word was shown for 2.5s, written in black on a gray background. Between the two lists of each directed forgetting task, participants were shown a cue to remember or forget the just-presented words of list 1 for 5s. The second list of each task was always followed by a cue to remember, also shown for 5s. After the second cue, participants were instructed to count down verbally from a randomly chosen number between 300 and 1000 in steps of 3 for two minutes as a distractor task. After the distractor, participants were instructed to recall, in any order they preferred, any words they were previously cued to remember (R1 and R2 in remember-cued tasks, F2 in forget-cued tasks).

Subjects completed six list-wise directed forgetting tasks per stimulation condition block (dlPFC or vertex, [Fig 1B](#pone.0236287.g001){ref-type="fig"}). The order of forget-cued and remember-cued tasks was pseudorandomized over the six tasks, such that the first, second and third task pair contained one forget-cued and one remember-cued task each. After the forget-cued task of the third task pair of each stimulation condition block, participants were informed that the forget cue had been shown due to a programming error and were asked to recall words from both the to-be-forgotten (F1) as well as the to-be-remembered list (F2). Only memory performance in the last task pair of each stimulation condition block was analyzed. Memory performance in those tasks will be referred to as F1 and F2 for list 1 and 2 of the forget-cued and as R1 and R2 for list 1 and 2 of the remember-cued task in both stimulation conditions.

TMS {#sec007}
---

During each list 2 of the twelve directed forgetting paradigm, 45 pulses of 1Hz rTMS at 90% of individual resting motor threshold were delivered to either left dlPFC (MNI coordinates: *x* = −45, *y* = 6, *z* = 39) or vertex (MNI coordinates: *x* = 0, *y* = −10, *z* = 80), the same coordinates used in \[[@pone.0236287.ref007]\]. Stimulation target was varied block-wise, whereby each block consisted of half of the directed forgetting tasks. Block order was counterbalanced between participants. Due to the varied intertrial interval, word presentation and TMS pulses did not co-occur in any regular manner. For TMS delivery, a Magstim Rapid stimulator with a figure-of-eight-shaped coil was used. To achieve precise TMS targeting, pulse delivery was guided by the Brainsight Neuronavigation participant 3D tracking system using individual MRI scans. T1-weighted high resolution (1*mm*^3^) brain scans were acquired for each participant using a 3T Philips Achieva MRI scanner before the experiment. Using the twelve-parameter linear transform function implemented in FLIRT \[[@pone.0236287.ref019]\], a participant-to-MNI152 transformation matrix was created, inverted, and then used to transform the MNI target coordinates into participant-specific target overlays. These were then used to guide TMS delivery during the experiment itself.

Stroop paradigm {#sec008}
---------------

Before the experiment (as training) as well as after each stimulation condition block, the participants undertook a Stroop task ([Fig 1C](#pone.0236287.g001){ref-type="fig"}). The task consisted of four different trial types: congruent, neutral, incongruent, and negative priming trials. For congruent trials, the words "red", "green" or "blue" were shown in their respective font color (red, green, and blue). For neutral trials, three non-color words of similar imaginability, concreteness, syllable number, letter number, valence and arousal ratings to red, green and blue were drawn from the MRC Psycholinguistic Database \[[@pone.0236287.ref018]\]: "dome", "hop" and "goal". They were also presented in either red, green or blue font color. For the incongruent trials, the words "red", "green" or "blue" were presented in red, green or blue font color such that color word and font color differed (for example, the word "green" presented in a red font). Negative priming trials always followed incongruent trials and also had non-matching color word and font color, whereby their font color was identical to the color word of the just-presented incongruent stimulus (for example, if the incongruent stimulus was "blue" presented in a red font, the following negative priming stimulus could have been "red" or "green" presented in a blue font). For each Stroop task, 200 trials (50 per trial type) were presented in a pseudorandomized order: An incongruent trial was always followed by a negative priming trial, and each trial type appeared once each four trials. Participants were instructed to ignore the words and to name the font color of each stimulus using the arrow keys of a USB keyboard, which had been marked with colored stickers. Stimuli were presented on a black background until a response was made. The intertrial interval was 1000ms and consisted of the presentation of a central fixation cross.

Procedure {#sec009}
---------

Upon arrival, participants were informed that they were taking part in a memory experiment. Before the start of the first directed forgetting block, two practice list-wise directed forgetting tasks, one remember-cued and one forget-cued, were conducted, during which verbal feedback was given. In addition, a practice Stroop task of 200 trials was run. After the practice tasks, one of the two stimulation condition directed forgetting blocks was run, followed by the first analyzed Stroop task---which took around five minutes---and a five minute break. After the break, the second stimulation condition directed forgetting blocks was run, followed by the second analyzed Stroop task. During the experiment, two experimenters were in the room with the participant: One to deliver rTMS stimulation, the other one to give verbal instructions and to manually record memory performance. During the Stroop tasks, the experimenters left the room.

Preregistered analyses {#sec010}
----------------------

Memory performance was only analyzed for the last block pairs (remember and forget condition) of each stimulation condition. These contained the forget block in which participants were asked to report the to-be-forgotten words.

The forgetting effect was calculated per participant as the difference between percentage of List 1 words recalled following a remember or forget cue (R1---F1). The enhancement effect was calculated per participant as the difference between percentage of List 2 words recalled following a forget or remember cue (F2---R2). To test for effects of dlPFC vs. vertex rTMS stimulation on forgetting and enhancement scores, we calculated paired t-tests to replicate the tests done in Hanslmayr et al. \[[@pone.0236287.ref007]\]. In addition, we also compared forgetting and enhancement scores between the stimulation conditions using exact Wilcoxon-Pratt signed-rank tests, as we expected our results (percentage of words remembered) to be non-normally distributed. In order to quantify evidence for no effect, we computed *BF*~01~ values using a Bayesian t-test with a non-informative Cauchy prior, prior width = 0.707, for all preregistered non-significant t-tests \[[@pone.0236287.ref020]\]. *BF*~01~ can be interpreted as the likelihood of the data given *H*~0~ divided by the likelihood of the data given *H*~1~. The higher *BF*~01~, the more likely is the data given *H*~0~ compared to the data given *H*~1~ \[[@pone.0236287.ref021]\].

As dlPFC stimulation was found to increase forgetting effects in the study we were attempting to replicate \[[@pone.0236287.ref007]\], these tests and values were computed one-tailed for forgetting effects. All other tests were computed two-tailed. The alpha level was set to *α* = 0.05. Hedge's *g* with 95% confidence intervals \[[@pone.0236287.ref022]\] was reported as an effect size. To compare the effect of dlPFC rTMS stimulation on forgetting versus enhancement scores, we computed a repeated measures ANOVA \[[@pone.0236287.ref023]\] with the within-participant factors stimulation target (dlPFC vs. vertex) and score type (forgetting vs. enhancement).

Exploratory analyses {#sec011}
--------------------

To assess if list output order was modified by dlPFC stimulation, we computed linear regressions of cue (remember vs. forget), stimulation site (dlPFC vs. vertex) and the interaction of these factors on the word list that participants recalled as their reported words 1-5.

To integrate our results with existing results \[[@pone.0236287.ref007]\], we combined the results from the original study and our replication attempt in a continuously cumulating meta-analysis \[[@pone.0236287.ref024]\]. To do so, we ran a weighted fixed-effect meta-analysis \[[@pone.0236287.ref025]\] for forgetting and enhancement effect modulations due to dlPFC stimulation in the two studies.

In all other exploratory analyses, Welch's t-tests or paired t-tests were used for normally distributed data, while non-normal data were compared using the exact Wilcoxon-Mann-Whitney test. Binomial ratios (such as the gender ratios between our study and \[[@pone.0236287.ref007]\]) were compared using Pearson's Chi-squared test. For the Stroop task analysis, we removed any trials with reaction times more than 2.5 MADs from participant cell median reaction time. We then analyzed participant cell mean reaction times using a a repeated measures ANOVA (Greenhouse-Geisser-corrected where appropriate) with the within-participant factors trial type (congruent vs. neutral vs. incongruent vs. negative priming) and pre-Stroop stimulation target (dlPFC vs. vertex). We only analyzed reaction times from correct trials.

Results {#sec012}
=======

Manipulation checks {#sec013}
-------------------

Our paradigm induced a forgetting effect: Participants recalled less list 1 words when they were told to forget list 1 than when they were told to remember list 1 under both vertex (*t*(23) = 3.22, *p* = 0.004, *g* = 0.57 \[0.20, 0.95\]) and dlPFC stimulation (*t*(23) = 4.28, *p* = 0.0003, *g* = 1.01 \[0.44, 1.59\]). Furthermore, our paradigm also managed to induce an enhancement effect: Participants recalled more list 2 words when they were told to forget list 1 than when they were told to remember list 1 under both vertex (*t*(23) = 2.72, *p* = 0.01, *g* = 0.72 \[0.13, 1.31\]) and dlPFC stimulation (*t*(23) = 2.28, *p* = 0.03, *g* = 0.38 \[0.04, 0.72\]).

Preregistered analyses {#sec014}
----------------------

Contrary to our prediction, participants did not show a significant increase in forgetting ([Fig 2A](#pone.0236287.g002){ref-type="fig"}) under dlPFC stimulation (*M* = 27.1%*pt*, *SD* = 31.0%*pt*) compared to vertex stimulation (*M* = 17.1%*pt*, *SD* = 26.0%*pt*, *r* = −0.18) in the t-test (*t*(23) = 1.12, *p*~*one*−*sided*~ = 0.14, *g* = 0.34 \[−0.27, 0.95\], *BF*~01~ = 1.57) or the signed-rank test (*Z* = 1.03, *p*~*one*−*sided*~ = 0.16). The *BF*~01~ = 1.57 can be interpreted as meaning that the data were only 1.57 times more likely to be measured if dlPFC stimulation (compared to vertex stimulation) had no effect on forgetting than if dlPFC stimulation (compared to vertex stimulation) increased forgetting.

![No statistically significant effect of stimulation site on forgetting and enhancement effects.\
A: Mean forgetting effect in percentage points (memory performance in list R1---memory performance in list L1) under dlPFC and vertex stimulation. B: Mean enhancement effect in percentage points (memory performance in list F2---memory performance in list R1) under dlPFC and vertex stimulation. Colored area represents effect distribution over the 24 participants as a Gaussian kernel density plot. C: Mean memory performance in all lists and conditions---list 1 before a remember cue (R1), list 1 before a forget cue (F1), list 2 after a remember cue (R2), and list 2 after a forget cue (F2). Error bars represent within-participant 95% CIs in all plots \[[@pone.0236287.ref026]\].](pone.0236287.g002){#pone.0236287.g002}

As expected, participants did not show a significantly different enhancement score ([Fig 2B](#pone.0236287.g002){ref-type="fig"}) under dlPFC stimulation (*M* = 11.3%, *SD* = 24.2%) compared to vertex stimulation (*M* = 18.3%, *SD* = 33.1%) in either the t-test (*t*(23) = 0.87, *p* = 0.39, *g* = −0.24 \[−0.78, 0.30\], *BF*~01~ = 3.31) or the signed-rank test (*Z* = −0.69, *p* = 0.50). The *BF*~01~ = 3.31 can be interpreted as meaning that the data were 3.31 times more likely to be measured if dlPFC stimulation (compared to vertex stimulation) had no effect on enhancement than if dlPFC stimulation (compared to vertex stimulation) influenced enhancement in either direction.

A two-way repeated measures ANOVA with the factors stimulation (vertex vs. dlPFC) and effect type (forgetting vs. enhancement) did not show the predicted interaction between stimulation and effect type (*F*1, 23) = 1.72, *p* = 0.20, [Fig 2C](#pone.0236287.g002){ref-type="fig"}). Forgetting and enhancement effects were not differently influenced by dlPFC versus vertex stimulation to a significant amount.

Exploratory analyses {#sec015}
--------------------

As the enhancement effect depends on output order \[[@pone.0236287.ref027]\], we checked if dlPFC stimulation modified output order. While subjects were more likely to start recall with list 1 when previously instructed to remember list 1 than when previously instructed to forget it (*p* \< 0.05 for recalled words 1-4), stimulation site did not influence recall order (all *p* \> 0.05 for recalled words 1-5) nor moderate the difference in recall order between the remember and forget condition (all *p* \> 0.05 for words 1-5).

Results from the Stroop task implied that the rTMS parameters used in our study and in \[[@pone.0236287.ref007]\] did not continue to influence inhibitory processing after their application ([Fig 3](#pone.0236287.g003){ref-type="fig"}). The incongruency effect (incongruent---congruent trials) did not differ between the Stroop tests conducted after vertex (*M* = 32*ms*, *SD* = 32*ms*) vs. after dlPFC stimulation (*M* = 39*ms*, *SD* = 39*ms*, *r* = −0.23, *t*(23) = 0.66, *p* = 0.52, *g* = 0.20 \[−0.41, 0.82\], *BF*~01~ = 3.82). The same pattern held when the incongruency effect was computed with neutral trials as baseline: it did not differ between Stroop tests after vertex (*M* = 19*ms*, *SD* = 61*ms*) vs. after dlPFC stimulation (*M* = 35*ms*, *SD* = 37*ms*, *r* = 0.17, *t*(23) = 1.21, *p* = 0.24, *g* = 0.30 \[−0.20, 0.82\], *BF*~01~ = 2.44).

![Exploratory analyses.\
A: Mean reaction times in ms in all trial types of the Stroop task after dlPFC or vertex stimulation. Error bars represent within-participant 95% CIs \[[@pone.0236287.ref026]\]. B: Forgetting and enhancement effect under vertex stimulation during the first task block vs. the second task block over participants. Error bars represent 95% CIs. C: Forest plot of a fixed effect meta-analytical combination of the two studies conducted on the effect of dlPFC 1Hz rTMS stimulation on forgetting in list-method directed forgetting so far. Error bars represent 95% confidence intervals, effect size is Hedge's g.](pone.0236287.g003){#pone.0236287.g003}

In addition, negative priming effects (negative priming trials---incongruent trials) did not differ between the Stroop task conducted after vertex stimulation (*M* = 38*ms*, *SD* = 45*ms*) vs. after dlPFC stimulation (*M* = 41*ms*, *SD* = 61*ms*, *r* = −0.10, *t*(23) = 0.19, *p* = 0.85, *g* = 0.05 \[−0.52, 0.63\], *BF*~01~ = 4.59).

Over participants, the difference between the forgetting effect under dlPFC vs. under vertex stimulation correlated weakly with the difference between the incongruency effect after dlPFC stimulation vs. after vertex stimulation (*r* = 0.43 \[0.040.71\], *p* = 0.03), but not with the difference between the negative priming effect after dlPFC stimulation vs. after vertex stimulation (*r* = −0.23 \[−0.58, 0.19\], *p* = 0.28).

While trial type (congruent/neutral/incongruent/negative priming) had a significant main effect on reaction times in a repeated measures ANOVA (*F*(1.67, 38.5) = 31.14, *p* \< 0.0001, $\eta_{G}^{2} = 0.09$), pre-Stroop stimulation site (dlPFC/vertex) had not *F*(1, 23) = 0.49, *p* = 0.49, $\eta_{G}^{2} = 0.0007$). Importantly, there was no significant interaction between trial type and stimulation site (*F*(2.17, 49.81) = 0.71, *p* = 0.51, $\eta_{G}^{2} = 0.001$). All trial types had similar effects under both pre-Stroop dlPFC stimulation conditions (see [Fig 3A](#pone.0236287.g003){ref-type="fig"}), fitting the idea that no specific aftereffects on inhibitory processing persisted after stimulation.

Effects of running a list-method directed forgetting paradigm twice {#sec016}
-------------------------------------------------------------------

As hoped, there was no significant difference between the forgetting effect (under vertex stimulation) between the first (*M* = 11.67%, *SD* = 21.25%) and the second analyzed directed forgetting task (*M* = 22.50%, *SD* = 29.89%, *t*(19.86) = 1.02, *p* = 0.32, *g* = 0.40 \[−0.38, 1.18\]). Also as hoped, there was no significant difference between the enhancement effect (under vertex stimulation) between the first (*M* = 23.33%, *SD* = 31.43%) and the second analyzed directed forgetting task (*M* = 13.33%, *SD* = 35.25%, *t*(21.72) = 0.73, *p* = 0.47, *g* = −0.29 \[−1.07, 0.49\]). The effects of our paradigm were not significantly influenced by being measured a second time after instructing participants to recall to-be-forgotten items at the end of the first directed forgetting block. In a debriefing conversation after the experiment, none of our analyzed participants reported ignoring the forget instruction in the second directed forgetting block (after having been asked to recall to-be-forgotten words), while both excluded participants reported ignoring the forget instruction throughout the whole experiment. These results show that it is feasible to repeat the list method directed forgetting paradigm at least twice in the same subjects without impairing the amount of forgetting.

Integration with Hanslmayr et al. (2012) {#sec017}
----------------------------------------

In order to integrate our finding of non-significant boosting of forgetting due to dlPFC stimulation (*g* = 0.34 \[−0.27, 0.95\]) with the findings we were attempting to replicate \[[@pone.0236287.ref007]\], we computed an effect size from their original data (*g* = 0.69 \[0.09, 1.29\]) and combined the effects from both studies using a fixed-effect meta-analysis. Combining both studies, rTMS stimulation of left dlPFC significantly boosted forgetting (*g* = 0.52 \[0.09, 0.95\], *Z* = 2.38, *p* = 0.02, see [Fig 3B](#pone.0236287.g003){ref-type="fig"}). No significant heterogeneity between the studies was found (*Q*(1) = 0.66, *p* = 0.42). This test should be interpreted with caution however, as its power to detect heterogeneity depends on the number of studies.

We also ran a second fixed effect meta-analysis to integrate results of dlPFC stimulation on enhancement. Over the two studies combined, dlPFC stimulation did not influence enhancement (*g* = −0.19 \[−0.58, 0.21\], *Z* = −0.93, *p* = 0.35). No significant heterogeneity between the studies was found (*Q*(1) = 0.07, *p* = 0.80).

To test for differences in participant characteristics between our study and the earlier one \[[@pone.0236287.ref007]\], we compared memory performance under vertex stimulation for to-be-remembered lists (R1 and R2) between studies. Participants in \[[@pone.0236287.ref007]\] showed significantly higher memory performance in general (*M* = 57.7%, *SD* = 24.9%) than participants in our study (*M* = 39.4%, *SD* = 23.3%, *t*(42.97) = 2.58, *p* = 0.01, *g* = −0.75 \[−1.34, −0.16\]). Age-wise, participants in our study were on average three years younger (*M* = 19.2*a*, *SD* = 2.0*a*) than participants in the study by Hanslmayr et al. (*M* = 22.2*a*, *SD* = 2.3*a*, *Z* = 5.45, *p* \< 0.0001). Concerning gender, participants in their sample \[[@pone.0236287.ref007]\] were more evenly distributed (18 male, 26 female) than our participants (4 male, 20 female), but not to a significant amount (χ^2^ = 4.17, *p* = 0.06).

Discussion {#sec018}
==========

In this study, we attempted to solidify evidence for a causal role of the dlPFC in directed forgetting by replicating an existing rTMS directed forgetting study \[[@pone.0236287.ref007]\]. Furthermore, we attempted to elucidate the neuronal effects of our dlPFC stimulation parameters by testing for potential aftereffects on a Stroop task.

We were able to run a functioning directed forgetting paradigm, as can be seen in our manipulation check: Instructions to forget list 1 led to both decreased memory for list 1 words (forgetting) and increased memory for list 2 words (enhancement) compared to instructions to remember list 1---the standard and often-found results of forget cues. Contrary to the study our experiment was attempting to replicate \[[@pone.0236287.ref007]\] and to our hypothesis, we did not replicate the finding that left dlPFC stimulation using 1Hz rTMS boosts forgetting. However, as can be seen by the small *BF*~01~, our results also did not present substantial evidence against such an effect. As we found no significant increase of forgetting, but also no evidence against such an increase, our results on their own should be interpreted as inconclusive. Recently developed guidelines recommend a standardized integration of the results of original studies with replication attempts using a continuously cumulating meta-analysis \[[@pone.0236287.ref024]\]. This meta-analytic integration should be interpreted with the understanding that our replication was only conducted due to an earlier study \[[@pone.0236287.ref007]\] finding a significant result in the first place. This first-study-effect potentially inflates combined effect sizes in meta-analyses on small study sets \[[@pone.0236287.ref028]\]. Nevertheless, the two studies show a significant increase of voluntary forgetting due to dlPFC stimulation in combination. As the lower 95% confidence interval border of the combined effect size still stands close to zero, further replication attempts and subsequent updating of the meta-analysis is recommended to reliably demonstrate this causal role of the dlPFC. As both left and right dlPFC have been implicated in active memory control paradigms \[[@pone.0236287.ref003]\], future stimulation studies should also investigate the role of right dlPFC in directed forgetting and think/no-think tasks.

While our within-subject design eliminates between-subject confounds due to lesion or stimulation site, one general rTMS confound remains: More frontal stimulation locations (e.g. over the dlPFC) induce higher amounts of facial twitching compared to vertex stimulation. We asked our participants whether they felt distracted by the twitching caused by dlPFC stimulation during the debriefing, which most of them denied. The fact that stimulating dlPFC using tDCS also boosts forgetting \[[@pone.0236287.ref016]\] can be interpreted as evidence that forgetting modulations are induced by the stimulation itself, not by its side-effects on muscle twitches.

What might be the reason for this non-replication? While we cannot rule out the possibility that the original study found a false-positive result, the worse memory performance of our participants compared to the ones tested in \[[@pone.0236287.ref007]\] might have limited our ability to detect increased forgetting. In addition, age differences between the studies might have limited the comparability of the effects of rTMS stimulation: As the prefrontal cortex does not mature until the third decade of life \[[@pone.0236287.ref012]\], differences in dlPFC structure and baseline activity between our participants and the ones in the to-be-replicated study \[[@pone.0236287.ref007]\] due to a difference in age might have led to differential effects of the stimulation \[[@pone.0236287.ref029], [@pone.0236287.ref030]\].

Results of our Stroop task fit with a pulse-by-pulse effect of our rTMS parameters, free from stimulation aftereffects. As neither the incongruency effect, nor the negative priming effect, nor the overall pattern of reaction times were modulated after dlPFC compared to after vertex stimulation, we found no evidence of any post-stimulation aftereffects of the rTMS stimulation on inhibitory processing. This fits our assumption that each TMS pulse had immediate effects on neuronal activity in the dlPFC under our parameters without inducing strong long-term cognitive effects. Nevertheless, the fact that rTMS-induced changes in the forgetting effect and in the Stroop incongruency effect were weakly correlated over subjects might hint at weak persistent effects on dlPFC functioning, as have been described before for left dlPFC stimulation \[[@pone.0236287.ref031]\].

Our study provides important results on the viability of repeated list-method directed forgetting paradigms. As one of the first studies to run a second directed forgetting task after asking participants to recall to-be-forgotten items, we found no evidence that this repetition eliminates forgetting in the second directed forgetting task. This opens up the possibility to investigate directed forgetting in within-participant designs. In addition to these results, none of our participants reported that they ignored the forget cue after being asked to recall to-be-forgotten words for the first time.

Our results stand in disagreement with rTMS \[[@pone.0236287.ref007]\] and tDCS studies \[[@pone.0236287.ref016]\] that both found modulated forgetting due to dlPFC stimulation. Further dlPFC stimulation studies will be necessary to reliably establish a causal role of the dlPFC in directed forgetting. Our finding that 45s of 1Hz rTMS did not induce aftereffects on inhibitory functioning fit findings in cats, which showed that a minimum of five minutes of 1Hz rTMS is necessary to induce long-term depression of neuronal firing rates \[[@pone.0236287.ref032]\].

Given that the meta-analytic combination of both studies testing for effects of dlPFC stimulation on forgetting produces a significant effect, and given that this effect fits the fact that tDCS stimulation of the prefrontal cortex abolishes directed forgetting \[[@pone.0236287.ref016]\], we understand the current sum of evidence to be in favor of a causal role of the dlPFC in directed forgetting. As conclusively finding an active forgetting mechanism would have wide-ranging cognitive and clinical implications, we hope that future studies will further test the causality of the regularly found dlPFC activation in directed forgetting, for example by attempting additional replications of this paradigm.

10.1371/journal.pone.0236287.r001
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PONE-D-20-12383

Probing the causal involvement of dlPFC in directed forgetting using rTMS - A replication study

PLOS ONE

Dear Dr. Hanslmayr,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

Both reviewers appreciate the clarity and openness of design and analysis, and I agree.

Reviewer 2 has only minor remarks, Reviewer 1 has more fundamental ones. These are generally very relevant, and I would like to you to address them. However, I do not agree with the last comment of reviewer 1 about the meta-analysis. I do think it is of interest, and would thus like to ask you to keep it in the paper.

Moreover, I suggest to group all analyses of the current data set, and thus to move the order interaction (Effects of running...) up in the text (before the meta-analysis). The authors could also consider to plot the order effect.

In addition, it could help to show a high-level picture showing the two stimulation conditions in Figure 1. Also, in Figure 1B, instead of dots, why not just show two tasks?

Minor remark

\- Does the r in rTMS stand for repetitive or rhythmic?

Please submit your revised manuscript by Jul 16 2020 11:59PM. If you will need more time than this to complete your revisions, please reply to this message or contact the journal office at <plosone@plos.org>. When you\'re ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). You should upload this letter as a separate file labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. You should upload this as a separate file labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. You should upload this as a separate file labeled \'Manuscript\'.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter. Guidelines for resubmitting your figure files are available below the reviewer comments at the end of this letter.

If applicable, we recommend that you deposit your laboratory protocols in protocols.io to enhance the reproducibility of your results. Protocols.io assigns your protocol its own identifier (DOI) so that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

We look forward to receiving your revised manuscript.

Kind regards,

Tom Verguts

Academic Editor

PLOS ONE

Journal Requirements:

When submitting your revision, we need you to address these additional requirements.

1\. Please ensure that your manuscript meets PLOS ONE\'s style requirements, including those for file naming. The PLOS ONE style templates can be found at <https://journals.plos.org/plosone/s/file?id=wjVg/PLOSOne_formatting_sample_main_body.pdf> and <https://journals.plos.org/plosone/s/file?id=ba62/PLOSOne_formatting_sample_title_authors_affiliations.pdf>

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Partly

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

2\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: Brief Summary

The manuscript reports one experiment aimed to replicate a previous study that found that rTMS over the left DLPFC enhanced list-method directed forgetting. The specific goal here was to replicate this effect with a within-participant (DLPFC vs vertex) design to overcome the potential drawbacks of a between-group manipulation. The basic directed forgetting effect was found. However, rTMS of the DLPFC did not modulate forgetting. In addition, the authors explored if the rTMS parameters used altered incongruency and negative priming effects in a Stroop task performed right after stimulation. Since these effects were also not modulated by rTMS, they suggest that stimulation did not produce a virtual lesion at the DLPFC.

General Evaluation and comments

Overall, I enjoyed reading this manuscript. I do appreciate that it reports a preregistered experiment aimed to replicate findings from the same laboratory. This is a valuable and gritty approach that would be very much desirable to take in science. Also, the experiment addresses a very relevant and timely research question (the causal role of the left DLPFC in memory regulation). That said, I have some serious concerns about the manuscript and the experiment that prevent me from recommending its publication at the moment. I will detail them below.

1\. A better (theoretically grounded) justification of the rationale for stimulating the left DLPFC should be provided in the introduction (beyond mere replication). The authors use the findings of a number of brain-related studies to point to the role of the DLPFC in directed forgetting. However, some of these studies found that it is the right DLPFC that seems to be more involved in active forgetting. In fact, a very interesting paper co-authored by one of the authors of the reviewed manuscript (Anderson and Hanslmayr, 2014) supports the idea that motivated forgetting (as measured with different experimental paradigms) recruits predominantly right-lateralized PFC regions (with the DLPFC and the VLPFC being core ones) in charge of downregulating memories. Hence, why should we expect stimulation of the left DLPFC to affect forgetting that is interpreted by the authors (and myself) as an aftereffect of inhibitory-like control over memory?

2\. My main concern relates to the (memory) testing procedure. In this case (but also in the previous work), the authors used a free recall test by asking participants to recall as many items as possible from List 1 (R or F) and List 2 (always R). Hence, there was no explicit instruction to recall first either List 1 or List 2 items. In my opinion, this procedure overlooks the role that output order may play in list-method DF procedures, which makes the interpretation of the findings regarding both lists problematic (see Pastötter, Kliegl and Bäuml 2012; M&C). While I think the analyses on the enhancement effect could simply be removed from the paper (I do not see this effect so relevant here), I do encourage the authors to appropriately address the issue that concerns the forgetting effect. At least, they should demonstrate that output interference is not significantly affecting List 1 recall or that it similarly affects R1 and F1. In any case, I think this is a clear limitation of the study that has to be overtly recognized. Moreover, I am afraid the forgetting effect in this experiment could have been maximized because of the within-participant design used and many and many lists to be learned (interference from previous lists?). Hence, analyses on intrusions could maybe help.

3\. I cannot follow the rationale for using a Stroop/priming negative task (and its behavioral indexes) to elucidate the neuronal effects of the DLPFC stimulation. I understand this could be informative, but it is still a very indirect way of obtaining evidence to draw conclusions on neural activity. At the same time, I also think that failing to observe changes in performance for incongruent trials and the modulation of the negative priming effect does not necessarily imply that stimulating the left DLPFC did not cause a virtual lesion. It is matter of debate the specific role that this region plays in Stroop-like tasks (i.e., the review by Xu et al. 2016 showed that interference/inhibitory control in non-emotional tasks also recruits the right inferior PFC). I wonder why the authors did not totally replicate their previous experiment by also recording EEG. This would have been the right way to examine the neuronal effect of their stimulation manipulation.

4\. In my opinion, the meta-analysis (with only 2 studies) performed is not appropiate and may be misleading.

Reviewer \#2: This is a neat study with humble goal but solid methodology. Findings are not really conclusive but points to the need for further confirmation of the causal role of BA9 in directed forgetting.

My only 2 comments are:

\- given the absence of evidence for any effect of the 1 Hz rTMS design on BA9 function, other interferential techniques could be considered in the future (e.g. Viejo-Sobera et al. 2017, which should be cited).

\- if rTMS effect were present but too weak to come out significantly, we would still expect TMS impact on directed forgetting and Stroop performance to correlate with each other. This could be tested.

\*\*\*\*\*\*\*\*\*\*

6\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

Reviewer \#2: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email PLOS at <figures@plos.org>. Please note that Supporting Information files do not need this step.

10.1371/journal.pone.0236287.r002
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Both reviewers appreciate the clarity and openness of design and analysis, and I agree.

Reviewer 2 has only minor remarks, Reviewer 1 has more fundamental ones. These are generally very relevant, and I would like to you to address them. However, I do not agree with the last comment of reviewer 1 about the meta-analysis. I do think it is of interest, and would thus like to ask you to keep it in the paper.

Moreover, I suggest to group all analyses of the current data set, and thus to move the order interaction (Effects of running...) up in the text (before the meta-analysis). The authors could also consider to plot the order effect.

We agree with this suggestion and have altered the text order and added the suggested plot to Figure 3.

In addition, it could help to show a high-level picture showing the two stimulation conditions in Figure 1. Also, in Figure 1B, instead of dots, why not just show two tasks?

We think that these are excellent suggestions. A high-level picture showing the approximate location of both stimulation locations on an example brain surface has been added to Figure 1. Figure 1B has been modified as suggested.

Minor remark

\- Does the r in rTMS stand for repetitive or rhythmic?

We missed to properly define this abbreviation. Line 41 has been amended to "The repetitive transcranial magnetic stimulation (rTMS) study we are attempting to replicate stimulated left dlPFC (specifically BA9) after the forget or remember instruction using 45 seconds of 1Hz rTMS."

Reviewer \#1: Brief Summary

The manuscript reports one experiment aimed to replicate a previous study that found that rTMS over the left DLPFC enhanced list-method directed forgetting. The specific goal here was to replicate this effect with a within-participant (DLPFC vs vertex) design to overcome the potential drawbacks of a between-group manipulation. The basic directed forgetting effect was found. However, rTMS of the DLPFC did not modulate forgetting. In addition, the authors explored if the rTMS parameters used altered incongruency and negative priming effects in a Stroop task performed right after stimulation. Since these effects were also not modulated by rTMS, they suggest that stimulation did not produce a virtual lesion at the DLPFC.

General Evaluation and comments

Overall, I enjoyed reading this manuscript. I do appreciate that it reports a preregistered experiment aimed to replicate findings from the same laboratory. This is a valuable and gritty approach that would be very much desirable to take in science. Also, the experiment addresses a very relevant and timely research question (the causal role of the left DLPFC in memory regulation). That said, I have some serious concerns about the manuscript and the experiment that prevent me from recommending its publication at the moment. I will detail them below.

1\. A better (theoretically grounded) justification of the rationale for stimulating the left DLPFC should be provided in the introduction (beyond mere replication). The authors use the findings of a number of brain-related studies to point to the role of the DLPFC in directed forgetting. However, some of these studies found that it is the right DLPFC that seems to be more involved in active forgetting. In fact, a very interesting paper co-authored by one of the authors of the reviewed manuscript (Anderson and Hanslmayr, 2014) supports the idea that motivated forgetting (as measured with different experimental paradigms) recruits predominantly right-lateralized PFC regions (with the DLPFC and the VLPFC being core ones) in charge of downregulating memories. Hence, why should we expect stimulation of the left DLPFC to affect forgetting that is interpreted by the authors (and myself) as an aftereffect of inhibitory-like control over memory?

We agree with the reviewer that the right/bilateral dlPFC has been consistently found to be activated in active memory control paradigms (think/no-think tasks and item-method directed forgetting paradigms). However, there has not yet been conclusive evidence for complete lateralization to either side, and the only study we are aware of combining list-wise directed forgetting tasks and fMRI found activation in left dlPFC (Hanslmayr et al., 2012). As has been argued before, there are probably significant cognitive differences between item-method and list-method directed forgetting paradigms, because the remember/forget-cue is shown directly during encoding in item-method tasks and later in list-method tasks. As activations in both hemispheres have been found, and as it is as of yet unclear how lateralization depends on the task, we chose to target the brain coordinates most strongly activated when a task very similar to ours was used. We do agree, however, that future work should also target right dlPFC, ideally under a set of diverse active memory control tasks. We appreciate that this issue was not clearly expressed in our manuscript and have therefore added text in the introduction and discussion which hopefully clarifies this point.

2\. My main concern relates to the (memory) testing procedure. In this case (but also in the previous work), the authors used a free recall test by asking participants to recall as many items as possible from List 1 (R or F) and List 2 (always R). Hence, there was no explicit instruction to recall first either List 1 or List 2 items. In my opinion, this procedure overlooks the role that output order may play in list-method DF procedures, which makes the interpretation of the findings regarding both lists problematic (see Pastötter, Kliegl and Bäuml 2012; M&C). While I think the analyses on the enhancement effect could simply be removed from the paper (I do not see this effect so relevant here), I do encourage the authors to appropriately address the issue that concerns the forgetting effect. At least, they should demonstrate that output interference is not significantly affecting List 1 recall or that it similarly affects R1 and F1. In any case, I think this is a clear limitation of the study that has to be overtly recognized. Moreover, I am afraid the forgetting effect in this experiment could have been maximized because of the within-participant design used and many and many lists to be learned (interference from previous lists?). Hence, analyses on intrusions could maybe help.

We agree with the reviewer in that output order can have an effect on directed forgetting effects in the list method. We are aware of the study by Pastoetter and colleagues who indeed demonstrated that the enhancement effect depends on list output order: It is diminished if subjects are instructed to recall words form list 1 first. Of note, this same paper also shows also that list-1 forgetting is not affected by output order. With respect to our study, these results suggest that any effect of rTMS on enhancement could be masked if dlPFC stimulation affected which list the subjects attempted to recall first. This was, however, not the case: While subjects were more likely to start recall with list 1, when previously instructed to remember list 1 than when previously instructed to forget it (p \< 0.05 for recalled words 1-4), stimulation site did not influence recall order (all p \> 0.05 for recalled words 1-5) nor did it moderate the difference in recall order between the remember and forget condition (all ps \> 0.05 for words 1-5). We have added this control analysis to Methods, Discussion and the code repository. Unfortunately, intrusions were not recorded and hence are not available for analysis.

3\. I cannot follow the rationale for using a Stroop/priming negative task (and its behavioral indexes) to elucidate the neuronal effects of the DLPFC stimulation. I understand this could be informative, but it is still a very indirect way of obtaining evidence to draw conclusions on neural activity. At the same time, I also think that failing to observe changes in performance for incongruent trials and the modulation of the negative priming effect does not necessarily imply that stimulating the left DLPFC did not cause a virtual lesion. It is matter of debate the specific role that this region plays in Stroop-like tasks (i.e., the review by Xu et al. 2016 showed that interference/inhibitory control in non-emotional tasks also recruits the right inferior PFC). I wonder why the authors did not totally replicate their previous experiment by also recording EEG. This would have been the right way to examine the neuronal effect of their stimulation manipulation.

We agree with the reviewer that the conducted Stroop/negative priming tasks do not elucidate the neuronal effects of the applied rTMS stimulation and realise that our motivation for running this task was worded in a suboptimal manner. We were not directly interested in the neuronal effects of our stimulation and are of the opinion that these cannot be properly investigated in studies utilizing non-invasive measures in human subjects. Instead, we included this task to check for stimulation aftereffects on the same inhibitory processes that created the increased forgetting effect in the study we were attempting to replicate. Our wording has been modified to reflect this focus on inhibitory processing. Comments regarding the underlying changes in neuronal processes have been removed.

4\. In my opinion, the meta-analysis (with only 2 studies) performed is not appropiate and may be misleading.

We agree with the reviewer that meta-analyses with low study numbers should be interpreted with caution, and stress that point in our discussion ("This meta-analytic integration should be interpreted with the understanding that our replication was only conducted due to an earlier study finding a significant result in the first place. This first-study-effect potentially inflates combined effect sizes in meta-analyses on small study sets.").

As can be seen in Figure 3b however, the estimated effect confidence intervals of the original study and our replication largely overlap. It would therefore, in our view, be misleading to dichotomize and present their results as strictly opposite to each other. As shown in Braver, Thoemmes & Rosenthal (2014), the continuously cumulating meta-analytic (CCMA) approach yields a more accurate picture of the combined results of several replication studies, even for very low study numbers. In fact, their paper explicitly recommends the CCMA approach for one-study replications of existing significant results. We therefore are of the opinion that a CCMA is the appropriate way to combine our replication attempt with the original study.

Reviewer \#2: This is a neat study with humble goal but solid methodology. Findings are not really conclusive but points to the need for further confirmation of the causal role of BA9 in directed forgetting.

My only 2 comments are:

\- given the absence of evidence for any effect of the 1 Hz rTMS design on BA9 function, other interferential techniques could be considered in the future (e.g. Viejo-Sobera et al. 2017, which should be cited).

We thank the reviewer for the relevant citation on the effects of rTMS of left dlPFC on Stroop performance, which we have incorporated into the discussion.

We are unsure which precise inferential techniques the reviewer is referring to here. In the cited paper, the authors write: "In order to rule out the possibility of a type II error we conducted a nonparametric K-sample test on the equality of medians". To our understanding, such a test is a nonparametric alternative of a t-test. We have computed non-parametric paired Wilcoxon signed rank tests for all three non-significant t-tests that compared Stroop effects between stimulation conditions. Like the t-tests, they were non-significant (p = 0.55, p = 0.53 and p = 0.94, for the incongruency, incongruency with neutral trials and negative priming effects, respectively). Because differences of reaction times are generally assumed to be normally distributed in the population, we think it to be appropriate to report t-tests of these differences in the paper itself.

\- if rTMS effect were present but too weak to come out significantly, we would still expect TMS impact on directed forgetting and Stroop performance to correlate with each other. This could be tested.

We thank the reviewer for this excellent suggestion. We have correlated rTMS effects on directed forgetting and Stroop effects, and have indeed found a weakly significant correlation between changes in the forgetting effect and changes in the incongruency effect. We agree that this might hint at weak persistent effects on inhibitory functioning in general, and have updated the Results, Discussion and code repository to reflect this analysis.
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Probing the causal involvement of dlPFC in directed forgetting using rTMS - A replication study

PONE-D-20-12383R1

Dear Dr. Hanslmayr,

We're pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it meets all outstanding technical requirements.

Within one week, you'll receive an e-mail detailing the required amendments. When these have been addressed, you'll receive a formal acceptance letter and your manuscript will be scheduled for publication.

An invoice for payment will follow shortly after the formal acceptance. To ensure an efficient process, please log into Editorial Manager at <http://www.editorialmanager.com/pone/>, click the \'Update My Information\' link at the top of the page, and double check that your user information is up-to-date. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.

If your institution or institutions have a press office, please notify them about your upcoming paper to help maximize its impact. If they'll be preparing press materials, please inform our press team as soon as possible \-- no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.

Kind regards,

Tom Verguts

Academic Editor

PLOS ONE
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PONE-D-20-12383R1

Probing the causal involvement of dlPFC in directed forgetting using rTMS - A replication study

Dear Dr. Hanslmayr:

I\'m pleased to inform you that your manuscript has been deemed suitable for publication in PLOS ONE. Congratulations! Your manuscript is now with our production department.

If your institution or institutions have a press office, please let them know about your upcoming paper now to help maximize its impact. If they\'ll be preparing press materials, please inform our press team within the next 48 hours. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information please contact <onepress@plos.org>.

If we can help with anything else, please email us at <plosone@plos.org>.

Thank you for submitting your work to PLOS ONE and supporting open access.

Kind regards,

PLOS ONE Editorial Office Staff

on behalf of

Dr. Tom Verguts

Academic Editor

PLOS ONE
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